The sources of the materials used in this work are listed in a recent paper on the effects of a loop 7 replacement mutant of TIM from chicken muscle (cTIM) and a P168A mutation of TIM from Trypanosoma brucei brucei (TbbTIM) on the kinetic parameters and the products of the reaction of the substrate pieces [1-13 C]-GA and phosphite dianion. 1 The following procedures used in present work are described in this earlier paper: 1 (a) Methods used to prepare solutions and to determine the solution pH. (b) Procedures for the assay of the wildtype and mutantenzyme catalyzed isomerization of GAP. (c) Procedures for the 1 H NMR analysis of the disappearance of substrate [1-13 C]-GA and the formation of products from the TIM-catalyzed reactions of [1-13 C]-GA.
QIAprep Miniprep Kit from Qiagen. The DNA sequences of the genes for the Y208A, Y208T, Y208S, Y208F and S211A mutants were verified at the Roswell Park Cancer Institute (Buffalo, NY).
The wildtype and mutant forms of yTIM were expressed from the TIM-deficient tpiA -λDE3 lysogenic strain of E. coli -FB215471 (DE3) 3 , grown in LB medium at 37 °C. The enzymes were purified by DEAE Sepharose column after polyethyleneimine (PEI) precipitation (0.33%) and ammonium sulfate precipitation (cut from 50% to 90%). In all cases the proteins obtained were judged to be homogeneous by gel electrophoresis. The concentrations of protein were determined from the absorbance at 280 nm using extinction coefficients of 25440 M -1 cm -1 for wildtype yTIM, 23950 M -1 cm -1 for Y208 yTIMs, and 25440 M -1 cm -1 for S211A yTIMs, which were calculated using the ProtParam tool available on the ExPASy server. 4 1 times during the first 20-40% reaction of [1-13 C]-GA, as described in previous work. 1 This analysis gave the normalized areas of the peaks for a single proton of the unreacted substrate and each reaction product. These normalized peak areas were used to determine the concentration of the remaining reactant [1-13 C]-GA and the fractional yield of each reaction product. The slopes of semilogarithmic plots of reaction progress f S against time (eq 1) over the first 30-40% reaction were determined to give the observed first-order rate constants k obs (s -1 ) for the disappearance of [1-13 C]-GA, where f S is the fraction of [1-13 C]-GA remaining at time t. The observed secondorder rate constants for the disappearance of [1-13 C]-GA, (k cat /K m ) obs (M -1 s -1 ), were calculated from the values of k obs using eq 2 where f car = 0.06 is the fraction of [1-13 C]-GA present as the reactive carbonyl form, and [E] is the concentration of TIM. 5 The value of k cat /K m for the reactions at the enzyme active site (Scheme 2, main text) were then determined using eq 3, from the observed second-order rate constant (k cat /K m ) obs and the sum of the yields of the three products [[2-13 C]-GA, [2-13 C, 2-2 H]-GA, [1-13 C, 2-2 H]-GA, Σ(f P ) E ] that form at the active site.
TIM-Catalyzed Reactions of [1-13 C]-GA in D 2 O Monitored by
The second order rate constants for wildtype and mutant TIM-catalyzed reactions of [1-13 C]-GA at various [HPO 3 2- ] are summarized in Tables S1 -S6. The linear portions of plots of (k cat /K m ) against [HPO 3 2- ] were examined and fit to eq 4 derived for Scheme 3 in the main text. The slopes of these linear correlations, (k cat /K m ) E•HPi /K d , are reported in Table S7 .
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